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Abstracts / Osteoarthritis and Cartilage 21 (2013) S9–S62 S13protein subunits was investigated in growth plates of 6 week old mice
by immunohistochemistry. Expression of RMRP, its protein subunits
and important chondrogenic differentiation markers (Col2a1, Acan,
Col10a1, Sox9, Runx2) was also determined by RT-qPCR and immuno-
blotting in chondrogenically differentiating ATDC5 cells and human
bone marrow stem cells (hBMSCs). In addition, RMRP was functionally
investigated during chondrogenic differentiation by targeting RMRP
expression using a speciﬁc siRNA duplex and analysing the outcome on
chondrogenic gene expression. Furthermore, chondrogenic induction of
dermal ﬁbroblasts was used as a model to test the effect of CHH-asso-
ciated mutations in RMRP on chondrogenic differentiation of CHH
patient-derived ﬁbroblasts.
Results: To determine expression of RNase MRP during chondrogenic
differentiation in vivo, mouse growth plate sections were immunohis-
tochemically stained for RNaseMRP protein subunits.Without exception,
all proteins showed identical growth plate distribution patterns: Resting
zone chondrocytes express RNaseMRPproteins,whereas nooronlyweak
expression levelswere observed inproliferative chondrocytes. In contrast,
expression of RNase MRP proteins was clearly detectable in hypertrophic
chondrocytes in the growth plate. This differentiation phase-speciﬁc
expression of RNase MRP protein subunits was conﬁrmed for Rpp25,
Rpp30 and Rpp40 on ATDC5 and hBMSC differentiation models (mRNA);
their expressionwas upregulated from day 14 in differentiation onwards,
simultaneously with hypertrophic genes. Knockdown of RMRP expres-
sion by RNAi resulted in upregulation of RNase MRP mRNA substrates
Clb2 and viperin and decreased chondrogenic marker expression (Sox9,
Col2a1, Runx2, Col10a1), suggesting a role for RMRP in chondrogenic
differentiation. In addition, knockdown of RMRP also resulted in altered
Bapx1/Nkx3.2 expression, further substantiating a role in chondrocyte
hypertrophy. To verify our results we transdifferentiated CHH patient-
derived ﬁbroblasts and matched controls to acquire a chondrocyte-like
phenotype. Chondrogenic capacity of the CHH patients was clearly dis-
rupted and showed a more than 50% reduced Col10a1 expression as
compared to matched control cultures.
Conclusions: Our data show that expression of RNase MRP and
its subunits is regulated during chondrogenic differentiation, is
predominantly associated with chondrocyte hypertrophy and
shows functional cross-talk with chondrogenic pathways. These data
are the ﬁrst to show the association of RNase MRP with skeletal
development and may provide an explanation for the CHH-associated
skeletal phenotype as well as unveiling a potential novel regulator of
chondrocyte hypertrophic differentiation in skeletal development.
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MICE WITH GLOBAL DELETION OF MITOGEN INDUCIBLE GENE 6
DISPLAY RAPID AND SEVERE CARTILAGE AND SUBCHONDRAL
BONE DAMAGE AFTER LIGAMENT AND MENISCUS INJURY
D.M. Joiner, K.D. Less, E. VanWieren, B.O. Williams. Van Andel Res. Inst.,
Grand Rapids, MI, USA
Purpose: The Epidermal Growth Factor Receptor (EGFR) Signaling
pathway plays important roles in osteochondral metabolism and joint
disease, which can be triggered by damage to ligaments andmenisci. The
goal of this study was to examine the early effect of global deletion of
mitogen inducible gene 6 (MIG6), a negative regulator of EGFR, on carti-
lage and subchondral bone in mice after ligament and meniscus injury.
Methods: Global loss of function MIG6 knock-out mice (MIG6-/-) and
wild-type (WT) littermates were anesthetized and ligament transec-
tions and meniscus removal were performed on the right knee using an
established surgical destabilization method. Subchondral bone from
surgery knees and untouched contralateral control knees was assessed
with x-ray. H&E, TRAP staining, and EGFR immunoﬂuorescence were
performed to characterize cartilage and osteoclast activity, as well as
measure EGFR signaling.
Results: Regions of hyperplastic tissue were present in surgery knees
from WT and MIG6-/- mice 2 weeks after surgery (Figure 1). At 4 weeks
there was an increase in the region of hyperplastic tissue inMIG6-/- mice
compared toWTanimals and toMIG6-/-mice 2 weeks post injury (Figure
1). Subchondral bone damage was present two weeks post injury in
MIG6-/- mice and increased in severity with time (Figure 2; arrows point
to bone erosion). Bone damage in surgery knees was greater for MIG6-/-
animals compared to the control knee and to surgery knees from WT
littermates (Figure 2). Ectopic cartilaginous growth pockets were presentinMIG6-/- mice 4 weeks after ligament and meniscus damage (Figure 1).
MIG6-/- mice also had increased EGFR expression 4 weeks after surgery
(Figure 3) and increased osteoclasts (Figure 4; arrows point to osteo-
clasts) in the knee joint compared to WT animals.
Conclusions: MIG6-/- mice displayed rapid and more severe bone and
cartilage damage after knee injury compared to WT mice. MIG6 and
EGFR could be potential therapeutic targets for preventing cartilage and
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NF-kB FAMILY MEMBER RELA/P65 IN CHONDROCYTES CONTROLS
SKELETAL GROWTH AND OSTEOARTHRITIS DEVELOPMENT BY
INHIBITING CHONDROCYTE APOPTOSIS
H. Kobayashi, M. Hirata, T. Saito, S. Ito, Y. Hosaka, U.-I. Chung, H.
Kawaguchi. Sensory & Motor System Med., Univ. of Tokyo, Tokyo, Japan
Purpose: The NF-kB family of transcription factors play crucial roles in
a variety of cell functions. Here we have examined the role of NF-kB
family member Rela/p65 in chondrocytes during the endochondral
ossiﬁcation process which is essential for skeletal growth and osteo-
arthritis (OA) development.
Methods: In vitro expression patterns were examined by real-time RT-
PCR and Western blotting in cultures of primary chondrocytes isolated
frommouse articular cartilage. Cell proliferationwas assessed by CCK-8
and BrdU assays. In vivo expression patterns were examined by immu-
nohistochemistry of the limb cartilage of mouse embryos and knee joint
cartilage of the mouse experimental OA model. Conditional knockout
mice of Rela inmesenchymal cells, chondrogenic cells, and hypertrophic
chondrocytes were generated by mating Prx1-Cre, Col2a1-Cre, and
Col10a1-Cre transgenic mice, respectively, with mice homozygous for
a ﬂoxed Rela allele (Relaﬂ/ﬂ). Time-speciﬁc conditional knockout mice of
Rela in cartilage were generated by mating tamoxifen (TM)-inducible
Col2a1-Cre transgenic mice (Col2a1-CreTM), with the Relaﬂ/ﬂ mice. For
analyses of OA, TM was injected to 7-week-old Col2a1-CreTM;Relaﬂ/ﬂ
mice, and the OAmodel was created surgically by inducing instability in
the knee joints one week after the injection. OA severity was quantiﬁed
by the OARSI histopathology grade eight weeks after the surgery.
Results: In themouse limb cartilage, Rela/p65wasexpressedubiquitously
in chondrocytes of various differentiation stages. To know the function of
Rela/p65 under physiological conditions, we examined the skeletal
growth of several knockout mice. Prx1-Cre; Relaﬂ/ﬂ and Col2-Cre;Relaﬂ/ﬂ
mice exhibited dwarﬁsmwith shortening of the resting and proliferating
zones before and after birth. Contrarily, Col10-Cre;Relaﬂ/ﬂ mice exhibited
normal skeletal growth, suggesting an important role of Rela/p65 in
chondrocytes at the early stage. mRNA levels of early chondrocyte
differentiation markers: Sox9, Col2a1, aggrecan in the ex vivo culture of
Prx1-Cre;Relaﬂ/ﬂ articular chondrocytes were comparable to those of the
controlRelaﬂ/ﬂ littermates. However, the cell numberwas decreased in the
culture of Prx1-Cre;Relaﬂ/ﬂ chondrocytes as compared to the littermate
Relaﬂ/ﬂ chondrocyte culture, as well as by the knockdown of Rela through
its speciﬁc siRNA transfection in the mouse chondrogenic ATDC5 cell
culture. Although chondrocytes from Col2a1-Cre;Relaﬂ/ﬂ mice showed
normal proliferative ability determined by BrdU uptake in the growth
plate chondrocytes, the cells exhibited enhanced apoptosis determined
by Tunel staining in the proliferative and pre-hypertrophic zones. To
further know the function of Rela/p65 under pathological conditions, we
created the experimental OA model in TM-inducible knockout mice. The
knee OA development was enhanced in Col2a1-CreTM;Relaﬂ/ﬂ mice as
compared to the control Relaﬂ/ﬂ littermates, with acceleration of thechondrocyte apoptosis at the frontline of degraded articular cartilage. In
the ex vivo culture of Prx1-Cre;Relaﬂ/ﬂ articular chondrocytes, the TNF-a-
induced activation of caspase-3 and -8, markers of the death-receptor
mediated apoptosis pathway were enhanced more than in the control
Relaﬂ/ﬂ cultures. This enhancement was associated with the inhibition of
anti-apoptotic proteins like c-IAP1 and c-IAP2, but not with mitochon-
dria-mediated apoptotic proteins like Bcl2 and Bcl-xL.
Conclusion: NF-kB family member Rela/p65 in chondrocytes controls
skeletal growth and OA development by inhibiting chondrocyte
apoptosis, representing a possible therapeutic target of OA.
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SYSTEMIC BIOCHEMICAL MARKERS OF JOINT METABOLISM AND
INFLAMMATION IN RELATION TO RADIOGRAPHIC PARAMETERS
AND PAIN OF THE KNEE: DATA FROM CHECK, A COHORT OF EARLY
OSTEOARTHRITIS
W.E. van Spil, S.C. Nair, M.B. Kinds, P.M. Welsing, F.P. Lafeber. Univ. Med.
Ctr. Utrecht, Utrecht, Netherlands
Purpose: The origins of biochemical markers in early-stage OA are not
always clear. The purpose of the current study was to investigate how
biochemical markers of joint metabolism and systemic inﬂammation
relate to minimum joint space width (JSW) and osteophyte (OP) area
when analyzed in detail in knees showing no or doubtful global
radiographic OA. Also, to inform about the origins of pain in early-stage
knee OA, it was investigated whether these associations were inﬂu-
enced by the presence of knee pain.
Methods: This study was performed in 1236 knees of 709 subjects from
CHECK (Cohort Hip and Cohort Knee), having early-stage symptoms of
knee and/or hip OA, demonstrating Kellgren and Lawrence grade <1 OA
changes on knee radiographs. Serum (s-) and urinary (u-) levels of the
cartilage markers uCTX-II, sCOMP, sPIIANP, and sCS846 (C-terminal telo-
peptideof collagen type II, cartilage oligomericmatrixprotein,N-terminal
propeptide of procollagen type IIA, and chondroitin sulphate 846), the
bone markers uCTX-I, uNTX-I, sPINP, and sOC (C- and N-terminal telo-
peptides of collagen type I, N-terminal propeptide of procollagen type I,
and osteocalcin), the synovial markers sPIIINP and sHA (N-terminal
propeptide of procollagen type III and hyaluronic acid), and the inﬂam-
mation markers hsCRP and ESR (high-sensitivity C-reactive protein and
erythrocyte sedimentation rate). Minimum JSW and OP area of these
knees were quantiﬁed in detail using Knee Images Digital Analysis.
Associations were investigated by two-level linear mixed-effects models,
always adjusting for other OA features in the tibiofemoral knee joint and
concurrent OA features in the patellofemoral knee joints and hip joints.
Results: uCTX-II levels showed negative associations with minimum
JSW and positive associations with OP area. sCOMP levels showed
positive associations with OP area, but not with minimum JSW. uCTX-I
and uNTX-I levels showed negative associations with minimum JSW
and OP area. Sixty-ﬁve % of the knees were painful, while 35% were not.
Associations of biochemical marker levels with minimum JSW were
similar between painful and non-painful knees, associations of uCTX-II,
sCOMP, and sHA with OP area were only observed in painful knees.
Conclusions: In these subjects with no or doubtful radiographic knee
OA, CTX-II might not only reﬂect articular cartilage degradation but also
enchondral ossiﬁcation in osteophytes. Furthermore, COMP related to
osteophytes, maybe through synovitis. This conﬁrms that COMP may
rather reﬂect synovitis than cartilage degradation in early-stage OA.
High bone turnover may aggravate articular cartilage loss. Knee pain
was suggested to be related to metabolic activity in osteophytes and
synovial tissue, but not to metabolic activity in articular cartilage.
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KARTOGENIN PROMOTES MOUSE EMBRYO LIMB JOINT FORMATION
AND SKELETAL GROWTH
R.S. Decker y, S. Zhu z, P.G. Schultz x, M. Paciﬁci y. yChildren's Hosp. of
Philadelphia, Philadelphia, PA, USA; zCalifornia Inst. for BioMed. Res., La
Jolla, CA, USA; x The Scripps Res. Inst., La Jolla, CA, USA
Purpose: Synovial joints are essential for skeletal function and quality of
life, and much is known about their organization, distinct tissues and
susceptibility to common pathologies including age-dependent osteoar-
thritis (OA). In contrast, very little is known about their developmental
biology. Basic information about how each joint tissue forms could be
